It was previously shown that human skin slices intensively metabolized [4-14C]-dehydroepiandrosterone ([4-'°C]-DHA) in vitro (1-3). From the numerous metabolites androst-4-ene-3, 17-dione, androsterone and testosterone were isolated and identified. It was suggested that one of the main pathways of DHA metabolism proceeded towards androsterone and testosterone via androst-4-erie-3,17-dione (3, 4). This metabolic pathway was confirmed by incubations with [4-°°C]-androst-4-ene-3, 17-dione (5).
From the numerous metabolites androst-4-ene-3, 17-dione, androsterone and testosterone were isolated and identified. It was suggested that one of the main pathways of DHA metabolism proceeded towards androsterone and testosterone via androst-4-erie-3,17-dione (3, 4) . This metabolic pathway was confirmed by incubations with [4-°°C]-androst-4-ene-3, 17-dione (5) .
By iricubations of [4-°C]-DHA with skin
slices strongly polar metabolites i.e. 7-keto-dehydroepiandrosterone (7-keto-DHA) and 7a-hydroxy-dehydroepiandrosterone (7a-OH-DHA)
were also formed in considerable yields (2, 3). Since the formation of 7-oxygenated derivatives appears to be another metabolic pathway of DHA in the human skin we studied the synthesis of these steroids by incubating [4. .'4C]-DHA with abdominal skin samples taken from normal male and female patients in order to obtain merely qualitative data concerning the significance of this second metabolic pathway.
MATERIALS AND METHODS
Skin tissues. Skin specimens were obtained during appendectomy. The female patient was 29 years old, her temperature was 38.1° C prior to the surgery. The WBC was 11,600. She had had regular menstrual cycles since 14 years of age and the operation was performed on 13th day of the cycle.
The 35 yr. old male patient showed a WBC of 21,000 and a temperature of 37.7° C. The skin samples were freed of adipose tissue and chopped with scissors into cubes of 1-2 mm diameter.
Chemicals. [4-°4C]-DHA (specific activity: 7.8 yc/eM) was purchased from the Radiochemical Centre, Amersham, and purified on an alumina column prior to use. The purity was further checked by thin layer chromatography on alumina layer in System "C". NAD, NADP and ATP were products of Sigma Chemical Co. The reference steroids (7-keto-DHA, 7a-OH-DHA and 7-OH-DHA were generously provided in the form of acetates by Prof. W. Klyne (London) and Dr. J. L. Webb (Glasgow). The acetates were subjected to hydrolysis and the liberated steroids purified on alumina layers. Reagents used were of analytical grade. Solvents were redistilled before rise.
Incubations. Male (1.0 g) and female (1.0 g) skin samples were separately incubated with Radioactive DHA was dissolved in 0.2 ml propylene glycol in both flasks prior to incubation.
When, for control purpose, skin slices were inactivated, this was accomplished by boiling the tissue slices in KRPG for 10 minutes, after which the slices only were transferred to a flask containing fresh medium and substrate for incubation.
To control the possible spontaneous degradation of [4-°4C] -DHA during the incubation a blank experiment was run parallel incubating labeled DHA without skin tissue.
Extraction. After incubation, skin tissue and medium were extracted separately. Skin tissue was extracted first with absolute ethanol and in the second step using a 2:1 mixture (v/v) acetone and water. The medium was extracted with dichloromethane and ether (2) . All the extracts were combined and evaporated to dryness at 45°C under vacuum. The recovery of radioactivity was 87.6% in the male and 85.7% in the female skin incubate after extraction.
Chromatography. Column chromatography. The dry residue of the extract was dissolved in 2 )< 5 ml benzene and chromatographed on a 3 g alumina column (E. Merck, Brockmann ITT/TV. activity) (2) . The radioactivity in the column eluates was measured in a Packard Tri-Carb Liquid Scintillation Spectrometer (Model 3375) operating at 87 per cent efficiency for °4C. The distribution of radioactivity in the column eluates is shown in Figure 1 . The column eluates were pooled into fractions 1-Vill, according to the major peaks of radioactivity (2) . The recovery of radioactivity from the incubates was 96.2% (male) and 992% Steroids were detected on TCL plates by exposure to iodine vapours (7) and UV absorption. Radioactive areas on the chromatograms were located using a Packard Radiocbromatogram Scanner (Model 7201). Extraction of steroids from TCL plates was performed with methanol by means of a zone extractor.
Mass meosurement of steroids. The mass of 7-keto-DHA was measured spectrophotometrieally at 240 mtc. 7a-OH-DIIA and 7$-Oll-DHA were determined by the Zimmermann-reaetion (3). The mass of androst-5-ene-3p, 17p-diol was measured by forming sulfuric acid chromogen.
Readings were taken at 380, 410 and 440 m after keeping the mixture in a boiling water bath for 5 minutes (3). Quantities were calculated by using the Allen equation (8).
Identification and radiochemicol purity of steroids. The isolation and identification of individual steroids from the column fractions were carried out by first running the major radioactive peaks in an adequate system with authentic carrier steroids. The ehromatograms were scanned for radioactivity. Radioactive zones containing the authentic nonradioactive carriers were eluted and the steroids subjected to further chromatography and derivative formation.
Purification of steroids was continued until the specific activity (dpm/tM) remained constant after two successive ehromatograpbies and derivatives.
Derivative formation. Acetylations and hydrolyses were performed generally according to the procedures outlined by Bush (9).
RESULTS
Graphs "A" and "B" of Figure 1 show that [44C]-DHA has been converted by the skin slices to several steroids in vitro. That these are true metabolic products of the substrate is shown in Graph "D" in which it is seen that only [4-"CJ-DHA was recovered when this substrate was incubated in the absence of tissues. Graph "C" indicates that when skin tissue had been inactivated by boiling before incubation no transformation of DHA occurred under the same conditions in the absence of active skin tissue. Graph "E" shows the elution of authentic steroids from the column. The isolation and identification of the following steroids from both incubates is presented in this paper: 1. 7a-hydroxy-dehydroepiandrOsterone (7cc-OH DHA). This steroid was found in fraction VII. The radioactive substances eluted from the alumina column were mixed with 210 jsg of authentic 7a-Oll-DHA carrier, then chromatographed on silica-gel-G in the Lisboa "E" system. After determination of specific activity it was rechromatographed in system "E". Radioactivity ran with the carrier. After acetylation the diacetate was run in system "1 a". The specific activities are shown in Table I. 2. 7f3-hydroxy-dehydroepiandrosterOne (7/3-OH-DHA). This steroid was isolated from fraction VI. As Figure 1 shows, 7/3-OH-DHA separated from its 7a-epimer by the column chromatography. After mixing with non-radioactive carrier, 7/3-OH-DnA the radioactive substance were first run on alumina layer in system "E", then on silica-gel plate in system Lisboa "E". The radioactivity moved with the carrier. After acetylation, the resulting diacetate was chromatographed in system "1 a". The specific activities were found constant throughout (Table I). 3. 7-keto-dehydroepiandrosterone (7-keto-DHA) and androst-5-ene-3f3 , 17/3-diol These steroids were isolated from fraction V. Since 7-keto-DHA and androst-5-ene-3/3, 17/3.. diol are of similar polarity on alumina column and on TLC layers, it is more convenient to separate these steroids in the form of acetates. After mixing the radioactive substances with authentic nonradioactive 7-keto-DHA and androst-5-ene-3/3, 1718-diol carriers the whole fraction was subjected to the aeetie-anhydrydepyridine acetylation procedure of Bush. The resulting acetates were separated in system "A". 7-keto-DHA-acetate was rechromatographed in system "1 b", where a drop in specific activity was experienced. In the next step 7-keto-DHA- acetate was hydrolvsed to 7-keto-DEA and chromatographed as the free steroid in system Lisboa "E". After rerunning in system 'E", the specific activities were found unaltered.
Androst-5-ene-3, 17-diol-diacetate was hydrolysed and the resulting free steroid was successively chromatographed in systems Lisboa 'E" and system "E". After reacetylation and running in system '1 a", specific activities were found cmistant as presented Table I . DISCU5SION In vitro C-7-oxygenation arid 7a-hydroxylation of DHA has been described in the human adrenaL cortex (10) (11) (12) and in human liver (12) . 7-keto-DHA was isolated from the urine of patients with normal and raised adrenocortical function (10) . 7a-OH-DHA was found after the administration of DHA in man (13) (14) (15) and even as a normal metabolite of endogenous origin in human urine. It has been suggested that the 7-hydroxylation and oxygenation of DHA occurred in the adrenal gland, in the liver and in the testis. In previous papers (1, 2) we reported the formation of 7a-OH-DHA and 7-keto-DHA from Table I shows, the main product is 7a-OH-DHA both in the male and female skin, and the radioactivity incorporated into 7,6-OH-DHA and 7-keto-DHA are in close proximity. The formation and interconversions of 7-oxygenated derivatives of DHA in human skin are summarized in Figure 2 .
Transformation of [4-14C]-DHA into androst-5-ene-3f, 17f3-diol in human skin was described by Gallegos and Berliner (17, 18) and confirmed in this laboratory (3). As Table I shows, the radioactivity incorporated into this steroid was markedly greater in the male skin incubate. This conversion appears to be the third major metabolic pathway of DHA in Table I shows, in normal male skin the quantity of androst-5-ene-3/3, 17/3-diol formed is much less than that of 7a-OH-DHA.
It is not known what the significance is of 7-oxygenated DHA-derivatives in human skin. We do not know whether they influence the function of hair follicles or sebaeeous glands or if they are only inactive products of DHA metabolism in the human skin.
SUMMARY
Abdominal skin slices from a normal male and female patient were incubated with [4_tiC] dehydroepiandrosterone. It was found that both male and female skin transformed [4-14C1-dehydroepiandrosterone into 7a-hydroxy-dehy.
droepiandrosterone, 7/3-hydroxy-dehydroepian.. drosterone and 7-keto-dehydroepiandrosterone. Androst-5-ene-3/3, 17j3-diol was also isolated from the incubates. The significance of these transformations is discussed.
